DECLINE OF THE RED-WINGED BLACKBIRD POPULATION IN OHIO
CORRELATED TO CHANGES IN AGRICULTURE (1965-1996)

BRADLEY F. BLACKWELL, U.S. Department of Agriculture, Animal and Plant Health Inspection Service, Wildlife Services, Na-
tienal Wildlife Research Center, Chio Figld Station, 6100 Columbus Avenue, Sandusky, OH 44870, USA

RICHARD A. DOLBEER, U.S. Department of Agriculture, Animal and Plant Health Inspection Service, Wildlife Services, National
Wildlife Research Center, Ohio Field Station, 6100 Columbus Avenue, Sandusky, OH 44870, USA

Abstract: Based on North American Breeding Bird Survey (BRS) data since 1966, Chio has traditionally hosted 1
ol the highest breeding season densides of ved=awinged biackbirds (Agefains phoenierns) of any US0state or Canadi-
an provinee. However, from 1966 through 1996, breceding popudatons of red-winged blackbivds in (hio showed a
marked decline (3% changesyr in birds per rowne = =395 with breeding populatuon indices decreasing by over
533%. Becuse the ved-winged hlackbird successtuily adaped to habitats created by agricultural expansion over the
st century and becune worecognmzed pest of ovops such as corn (Zea mayst. understandmg the decline of this
species n CGhio s importut trom both ecological and damage conwol perspectives. We examined 35 crop and cli-
matic tactors relative o thelr relatonship with the observed breeding population tend for the redawinged black-
hived in Ghio 1966 10 1996, Each veur, we found that the area ol non-alfalta {Vedicago setina) Tay havested, the
combined area of corn anc sovbeans {Gheine ) harvested, the area of non-altalta hav cue by 30 May ot the index
vear (1966-1990). and the area of hav (all types) cut by 30 May of the vear prior (o the index best explained the
variance in the breeding populatien vend of the redwinged blackBivd in Ohio. Given our lindings, we sugges
that a long-term population wend for this abundant bird in Ohio s negatively associated with the efficiency and

expansion of modern agricultre,
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Human manipulation of the landscape 35 (Sauer etal. 1997). In Ohio, where breeding sea-
arguably a driving force behind changes in avian  son densities of red-wings were once the highest
species composition, For example, the clearing  of any U5, staie or Canadian province (Dolbeer
of LLS. forests cast of the Mississippi River foragri-— and Sichn 1979, 1983; Dolbeer 1980), breeding
culture precipitated the demise of the passenger  populations also have declined (X % change /v in
pigeon (Ectopistes migratorius; Schorger 1955) and
contribwted o the growth and expansion of mem-
hers of the leteridac, particularly the red-winged
hlackbird (Dolbeer and Stehn 1983). Today. the
red-winged blackbird (hereafter red-wing) is 1 of
the most abundant avian species in North America
{Dolheer and Stehn 1979, 1983 Dolheer 1980;
Beletsky 1996; Peterjohn et al. 1996). Although
its preferred breeding habitag is emergent marsh
(Dyver 1970, Dver et al. 1972, Beletsky 1996), this
species has successfully adapted to breeding in
upland habitats, particularly managed grasslands,
pasture, and fallow fields (Dver 1970, Dver e al.
1972, Robbins and Erskine 1975). Moreover, Dver
et al. (1972) suggested that although marshes
hold the highest densities of red-wings, expansive
upland habitats provide a greater potential for red-
wing production and, thus, population growth.
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birds per route = =3.9, P< (.01, 1966-1996; Fig. (;
Saucr et al. 1997). Dolbeer and Stehn (1983)
reported that from 1966 to 1981, a mean of 229
red-wings was seen per Ohio BBS roaie (n = 46},
In contrast, from 1981 1o 1996, a mean of 104 red-
wings was scen per Ohio BBS route (2 = 74).
Given the serfous economic consequences real-
ized by farmers as a resull of the rapid expansion
of the red-wing into the agricuitural niche and
the spectes’ damage to crops such as corn in
Ohio, and rice (e sativg) and sunllowers in
other states ([Helianthus annnus] Dver 1967,
Weatherhead et al. 1980, Clark et al. 1982, Dolbeer

Table 1. Crop {x 1,000 ha harvested annually) and climatic
variables evaluated relative to effects on MNorth American
Breeding Bird Survey (BBS) population indices for the red-
winged blackbird in Ohic, USA {19686-1996). Periods repre-
sented include the year prior to the BBS index (1965-1995)
and the index year (1966-1396). Blanks indicate that vari-
ables were not included for the specilic period.

Year prior

to index Index year

Variable x SD X sD

Corn 1,432 163 1,436 165
Soybeans 1,367 267 1,384 252
Corn and soybeans combined 2,799 329 2,820 313
Winter wheat 484 93 483 93
Oats 138 69 135 68

Winter wheat and oats combined 622 1139 618 119
Corn, soybeans, winter wheal,

and cats combined 3,422 303 3,438 293
Alfaifa hay 247 49 743 42
Area of alfalfa hay harvestad

by 30 May 56 46 55 46
Non-alfalfa hay 322 64 341 65
Area of non-alfalfa hay harvested

by 30 May 3B 3 334 32
Total hay 588 62 584 56
Total area of hay harvested

by 30 May 91 73 Bg 74
Mean monthly precipitation (cm}

Apr 87 28

May 103 39

Jun 96 32
Mean precipitation—May and Jun 899 28
Meaan menthly temperature (°C)

Apr 59 14

May 154 19

Jun 204 1.2
Mean temperature—May and Jun 17.9 1.0
fean temperature (*C) in

Alabama, Jan 64 26
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1990, Beletsky 1996, Ling and Hangel 1997), iden-
tifving factors contributing o the decline ol the
species in Ohio is impaortant from both ecological
and management perspectives.

Besser ot al. (1984} auributed declining num-
bers of hreeding red-awings in the Dakotas
(1965-1981) 10 bicnnial precipittion that affect-
ed growth of emergent vegetation used for nest-
ing, such as catail (7yphasp.) and the amount of
land under llage {ic.. replacement of wet
landsy. Herkert (1994) examined the cHfects of
habital structure and area on hird species in
grassland fragioents in llinois and found that
red-wings were associated more with edge (not
necessarily vegetation structure) and negatively
affected by grassland areca. O'Connor et al.
(1999) used a geographical information system
and regression tree analysis o model the eftects
of habitat characteristics (at the macroecological
scale) on the disuibution of 17 grassiand bird
species {(not including red-wings) in the conter-
minous United States; strong associations were
noted berween species distribution and  long-
rerm annual precipitation, January and July tem-
peratures, and agricultural land use.  Most
recently, Horn and Koford (2000} related nega-
tive trends in red-wing abundance in Conserva-
tion Reserve Program (CRP) fields in North
Dakota to emergeney having during the previous
breecding scason. To date, howcever, potential
causes behind the substantal decline in the red-
wing breeding population in Ohio have not been
evaluated.  We questioned, therefore, whether
agricultural and dimatic faclors were not also
closely tied to the negative wend for the Ohio
red-wing population. Here, we examine the sia-
dstical relationship between BBS annual popula-
tion indices for the red-winged blackbird in Ohio
(1966~1996) and 35 crop and climatic variables.

METHODS

We obtained our preliminary set of indepen-
dent variables {Table 1), which represent the
predominant crop coverage {(ha} harvesied annu-
ally in Ohio (1965-1996), from the National Agri-
cultural Statistics Service (NASS). The NASS sta-
tistics were available only as annual reported
harvest and vield totals. Becausc habitat changes
can alfect population levels in a subsequent vear,
crop coverage variables were evaluated for each
vear prior 1o a BBS index for redwings (i.c..
19635-1995% as well as cach index year (19661996,
We then selected 9 climatic variables (Table 1),
also obtained from the NASS, for potential eftects
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an nest suecess (see Francis 1971, Besser et al. 1984,
O'Connor et al. 19991, Also, we used the mean
annual Janwoy temperatire (also used Iy O'Con-
nor et al. 1999y in Alabama (1966-1996: Soviheast
Regional Climate Center) as an index of potential
clineuic effects on red-wing survival in wintering
areas in the southeastern United Stares (see Dol-
heer 1978, 19821, Data relative 1o historic wrends
in wetland area in Ohio, representing potential
breeding habitat for redawings, were not available.

A priovi functions (i.c., testable candidate maodd-
clsy relating aspects of ved-winged blackbird pop-
wlation indices 1o land-use data for Ohio also
were not available, Therelore, we pursued owur
analysis i a conventional exploratory format. but
guided our selection of candidate variables
(above) and any combined [unctional relation-
ships to BBS indices on the basis of iological rel-
evance {(see, however, Burnham and Anderson
1998).  We first regressed (SAS Institute 1990)
annual BBS breeding population indices (residuo-
als from the predicted tend obtained by route-
regressiony analvsis; Geissler and Sauer 1990) for
red-wings in Ohic from 1966 10 1996 (Sauer et al.
1997) on cach of 26 crop and 9 climatie factors
(Table 1), The BBS encompasses approximately
3,700 randomly located survey routes (394 ki
cach) thronghout the continental United States,
southern Canada, and Alaska that are surveved
anmulle in June (Peterjohn and Sauer 1993).
Lach route has 50 stops (at 0.8-kin intervals), at
which all birds scen within 0.4 kin or heard atany
distance are tallied during a 3-min poiat count
(Robbins et al. 19863, Variables were retained as
potential independent variables if 22 0.1 at o <
0.05. We then regressed the breeding popularion
indices on the retained variables using stepwise
lincar regression (8AS Instinne 1990), Variables

were considered 1 by 1 and entered the model if

the Fstatistic was significant ar the (03 level {5AS
detault level selected wbimarily).  As each vari-
able was added o the model, the STEPWISE
option evaluated all mode] vartables and retained
only those producing an Fsiatistic significant at
the 0.05 tevel. We used partial regression residual
plots to further corroborate the funcional rela-
tonship between each variable examined in the
stepwise procedure and (the redwing breeding
poputation trened. We investigated poteniial inter-
actions between varialles retained in the final
model by using vesidual plois. Also, we caleulat-
ed Pearson’s product-moment correlation coclli-
cient tor each pair of independent variables

retained in the final model. Ultimate retention
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of variables in the model, however was depen-
dent [st on their biclogical relevance and see-
ond on the varance explained (see below),

RESULTS

In the inidal regression of red-wing BBS indices
(1966-1996) on cach of 35 habitat and climatic
variables, 17 habitat viwtables were retaned (Table
23, Variables that pertained o the respective arcas
of sovbeans and oats (Avena safiva, A yzandine
harvested annually (1965-1996: n = 4 variables)
had R values ranging from 0.72 10 0.85 and exhib-
ited strong. but biologically questionable (sec
below). elfects in the stepwise analysis. Therefore,
we did not include the 4 variables that pertained 1o
sovheans and oats individually in the model. buc
rather as componcnts of other variables {Table 2).

Table 2. Variables retained under the condition of 72> 0.1 at
the 0.05 level of significance alter regression of North Ameri-
can Breeding Bird Survey population indices for the red-
winged blackbird in Ohio, USA (1966-1996) on each of 35
crop and climatic variables (see Table 1).

Variable /2 I P

Corn and soybeans combined:

1965-1995 050 29.0 0.0001
Corn and soybeans combined:

1966—-1996 0.48 26.4 0.0001
Winter wheat and cats combined.

19651995 Q.42 206 0.0041
Winter wheat and oats combinad:

19661996 0.37 189 00003
Corn, soybeans, winter wheal, and

oats combined: 1965-1995 0.26 104 00031
Corn, soybeans, winter wheat, and

oals combined: 1966—1996 0.24 92 00050
Alfalfa hay: 1966—-1996 0.27 106 00028

Area of alfalfa hay harvested by

30 May 1965-1995 0.26 102 0.0034
Area of alfalfa hay harvested by

30 May 1966-1996 0.35 157 0.0004
Non-alfalfa hay: 1965-1995 0.65 54.8 0.0001
Non-alfalfa hay: 1966-1996 070 69.3 0.0001
Area of non-alfalfa hay harvested by

30 May 1965-1985 014 46 00408
Area of non-aifalfa hay harvested by

30 May 1966-1996 017 58 0.0228
Total hay: 1865-1995 039 188 0.0002
Total hay: 1966—1996 0.35 154 0.0005
Total hay harvested by

30 May 1965-1995 0.23 8.5 0.0068
Total hay harvested by

30 May 19661996 0.30 121 0.0016
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Fig. 2. Final regression model (R? = 0.88, F = 484, P =
0.0001) resulting from stepwise linear regression of North
American Breeding Bird Survey annual indices of abundance
{i.e., residuals from predicted trend obiained by route-regres-
sion analysis; Geissler and Sauer 1980) for red-winged black-
bird populations in Chio, USA (1966—1996; Sauer et al. 1997)
on 17 crop variables representing area (ha) harvested annu-
ally. See Table 3 for partial A2 values, parameter estimates,
and standard errors.

Specifically. although the planting of sovbeans
in Ohio reduced potential breeding habitat for
red-wings, the effects ot this loss of area on the
red-wing hreeding population must be consid-
ered relative to planting practices. For example,
the arca of sovbeans harvested annually exhibit-
ed a negative correlation coefticient with red-
wing population indices of =0.9 (1966-1996), in-
creased at an exponential rate of 2.5% per vear
and represented on average 34.3% (SD = 5.4) of
total crop area in Ohio. However, sovheans are
interchanged regularly with corn—which com-
poscd the greatest amount of the total crop area
harvested annually in Ohio (1966-1996)—hut was
notretained as a variable in the inidal regression.

Althongh the Ohio corn crop exhibited a 0.6%
decrease in area harvested annually (1966-1996),
it represented 33.7% (8D = 2.7) of total crop arca
for the same period. Further, no difference (#
lest assuming unequal variances: =094, df' =57,
£ = 0.35) vccwred between meuan arca of corn
Liarvested annuallv (1,435,532 Ta; S1Y = 164,832)
and thar of sovheans (1,384,460 ha: SD = 252,003).

As for our omission of the 2 variables perain-
ing to oats from the stepwise analvsis, the effect of
these variables on the regression was more statis-
tical than biological. Although the area of oats (4
food sowrce for red-wings) harvesied annually

o Blackwell and Dolbeer

[. Wildl. Manage:. 63(4):2001

{1966~1996) exhibited a positive correlation coel-
ficient with the redswing breeding population
trend indices of 0.9, vats represented on average
oenly 3.4% (8D = 1.9} of the wotal area of crops
harvested annually in Ghio.

Stepwise linear regression of the population
indices on the remaining 17 variables resulted in
amodel (/7 =0.88. mean square error = 2.1% of
total crror, F'=48.4, P=0.0001) that contained 4
variables (Fig, 2; Table 3): we noted no interac-
Each vear. rthe arca of
non-alfalfa hay harvested. the combined area of

tions between variables.

corn and sovbeans harvested, the area of non-
alfalfa hay cut by 30 May of the index vear
{(1966-1996). and the area of hay (all types) cut
by 30 Mav of the vear prior to the index (ie,
1965-1995) best explained the variance in the
breeding population trend ol redawings in Ghio.
However, the arca of non-atfalfa hav harvested
and the combined area of corn and sovbeans han-
vested were correlated (= -0.50, df = 29, critical
vilue = (1.355), thus bringing into question the rel-
ative importance of the 2 variables to the model.

Stll. the correfation hetween the arca of non-
alfulfa hay barvested and the combined arca of
corn and soybeans harvested was expressed
{upon the addition of the corn and soybean vari-
able to the stepwise procedure) only as an infla-
tion of the regression coeflicient of the non-alfal-
fa hay variable (21.53%) and its standard ervor
(4.6%). Otherwise, all variables evaluated in the
procedwe. as well as the 4 variables retained,
maintained correct algebraic signs relative to
their anticipated effects on the dependent vari-
able. Further, all variables evaluated or retained
in the model exhibited signilicant results when
tested individually (see above).

Table 3. Final model (A? = 0.88. F = 48.4, P = 0.0001) result-
ing from stepwise linear regression of Narth American Breed-
ing Bird Survey population indices for the red-winged blackbird
in Ohio, USA (1966-1998) on 17 crop variables (see Table 2).

Partial  Parameter
Varlable R? estimate  SE

Intercept 203.782 55.546
Non-atfalfa hay: 1966—-1996 0.70 04589 0.070
Corn and soybeans combined:

1966-1996 0.10 -0.065 0.014
Non-alfalfa hay harvested by

30 May 1966-1996 0.05 -0.338 0.122
Total hay harvested by

30 May 1965-1995 0.03 -0.140  0.054
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Fig. 3. Naticnal Agricuitural Statistics Service records of (a)
annual harvest {ha) of non-alfalfa bay and (b} combined annual
harvest (ha) of corn and soybeans in Chio, 1866 through 1996,

Non-alfalfa hay (x 1,000 ha)
harvested by 30 May

Total hay (x 1,000 ha)
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Fig. 4. National Agricultural Statislics Service records of (a)
annual harvest (ha) of non-aifalfa hay by 3¢ May (1866-1996)
and (b} total hay {1965-1995).
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The tirst variable in the model—the area of non-
alfalfa hav harvested in Ohio (1966-1996)—rep-
resented onaverage 8.5% (51 = 1.9 ol 1ol crop
area harvested and decreased by 2.1% per vear
(Fig. 3a). The combined area of com and sov-
heans (1966-1996) represented on average 70.0%
(8D = 4.4) of toal crop area harvested and in-
creased by 1.0% per vear (Fig, 3Dh), Next, the area
of non-alfalla hay cut by 30 May of the ndex vear
fluctuated widely (¥ = 34,400 ha; S = 31,600; I'ig.
44) but represented on average only 0.9% (SD =
0.8) ot wotal crop arca harvested.  Further, the
total arca of hay cut by 30 Muyv of the vear priov
to the red-wing index also Huctuated widely (X =
92,300 ha; SD = 73,700; Fig. 4b) and represented
on average 2.3% (S = L.8) of total crop area.

DISCUSSION

Our analysis revealed a relattonship between
the breeding population indices of the red-winged
blackbird (1966-1996), a faculiative grassland
species (Vickery et al. 1999), and Ohio agticul-
tural practices. Further, in addition to explaining
some aspects of the variance associated with the
red-wing breeding population vend, our regres-
sion model is biologically realistic. Specifically,
the decrease in the arca of non-slfalfa hav hanr-
vested annually (1966-1996) likely has reduced
the availability of quality nesting habitat. Also,
whereas corn attracts potential insect prey for
red-wings—as well as representing a source of
energy during the "milk” stage (Dolbeer 1980)—
both corn and sovbeans (sovbeans are not a food
source for red-wings) are illsuited for nesting.
The combinerd arca of corn and sovbeauns har-
vested annually in Ohio represented on average
0% of the crop coverage from 1966 10 1996 (i.c.,
>2.8 million ha}. Similarh, wide [luctuations in
the annual area of non-alfalla hay aud wotal hay
cut by 30 Mav. both in the vear priot to and a cur-
rent reproductive vear, likelv disrupted nesting
and subsequent reproductive success {(for data
relative 10 effects of hay mowing on nesting of
grassland birds, see Warner and Ener 1989, Warn-
cr 1994).

Importantly, our results support hypotheses
regarding the cffects ol changing land-use prac-
tices on grassland avifauna populations.  For
example, Dver et al. (1972) suspected that since
the expansion of red-aving populations into
upland habitats, a regulatory link has been estab-
lished with land-use practices in the agricultural
communtity, However, nearly 3 decades earlier,
Moseley (1947} noted that advances in mecha-
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nized Larming (e.g. the "alfalta mill™) allowed
farmers o process hay carlv and in quantin,
thereby disrupting habiat and nesting of grass-
lind bird species in the north—cenwal United
States,
Tollowing  changes have comribwed 1w the
(1Y transition

Several wnhors have suggested tha 1he

declines in grassland avilauna:
over the last century from farms with strucunully
diversitied habiars containing coolseason grass-
ey aned legumes (o monoculres ol alfaila and
other row-crops, (2) fragmentation of remaiming
grasslands. and (3} earlier mowing of hay (Warn-
or and Fuer 1989 Wamer 1992, 1994: Johnson
and Schwartz 1993 Herkert et al, 1996; Dale et al.
1997). Similarly. changing patterns of agriculture
inn the forms of increased mechanization, narrow-
ing crop complexitv and timing of rotations. and
increased cercal (Grammeae) acrcage have also
been associated with declining numbers of avian
species once common i the ficlds and edge asso-
clatedd with Larms in Great Britzain (O’Connor
and Shrubb 1986, Gregory and Baillic 1998).,

In Ohio, dramatic changes in the Landscape
occurred from 1941010 1977, with the nunan pop-
ulation increasing from 4.7 o over 10.7 million
aied metropolitan complexes, towns, and villages
growing as well (Traumum 1977, Since 1915,
Ohio farmers have hbecome more mechanized,
increased field size by a facror of 3 or more, and
hegan using chemical fertilizers, herbicides, and
insecticides. By 1975, the Ohio farmer hegan spe-
cializing, limiting crops grown to only 1 or 2 vari-
etics and, In some cases, planting the same crop
in the same held over several vears (Trautman
1977).  Peterjohn (1989) noted that intense
urhanization and population cxpansion in Ohio
over the last century, combined with mechanized
agricuftural praclices and use of chemicals in
farming (c.g., herbicides), produced an overall
lows of reacditional ane nontraditional nesting
habitat. resulting in a decrease in avian species
diversity and richness.  We suggest. therefore.
that our lindings demonsteate a plausible hypoth-
esis [or the decline of this abundant hird in Ohio.
Specitically, the red-winged blackbird has heen
negatively affecied by the decline in hay produc-
tion, carlicr mowing ol hay, and the merease in
row crops—a scenario svnonvmous with the
plight of less numerons grasstand bird species.

MANAGEMENT IMPLICATIONS

Our results suggest that the red-winged hlack-
bird. a species that has shown remarkable adapt-
ahility to human-induced habitat changes (Dol-
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beer 19903, has been negatively affected by the
increasing ettficieney and narrowing diversing ol
modern agriculnueal practices in Ohio, Further
the deeline in the red-wing population may be per-
ceived as a positive event by Ohio cormn producers
(Dolbeer 19907, as well as those in the sunflower
industry (Linz and Hanzel 19971, However, the
agricultural practices that have precipitated the
red-wing's decline in Ohio likely have had more
severe effeces on ather less common grasshand
species, such as the upland sandpiper (Bavivaomia
Iongiecudey andd grasshopper sparrow (Ammod -
mes savannarips see rends in Sauer et al, 19975,
Thus. our {indings lend support (o ellorts fike the
Conservation Reserve Program {see Johnson and
Schwartz 1993},
United States, farming  traditionallv: has vepre-

Morcover, particularly in the

sented notonly a means of feeding our nation and
others, but a system ot stewardship for wildlife and
other natural resources associated with agricul-
tral lands. We therefore concur with
rescarch recommendations {Herkert et al. 1996,
Dale eral. 1997, Hom and Koford 20000 that with-
m the CRP and on other lands, management

recenl

regimes (including mowing, burning. and graz-
ing) should be modified by arca, scason, and
anpual rotalion to increase opportunity for suc-
cessful reproduction of grasstand avitauna.
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